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Pmp0S»; M0X-2 1 0 is « bsspedfk entibody that binds 
sniwKumwsiy J® rype i fe receptors for imm yftooMwnn 
G £?ey8i) and to $k& BS&-2/ new oncogene protein 
product. MDX-210 eSestsveiy directs feyRI-posstive ef- 
fector ceis sycls as rsofsocyJes and mocrophoiges to pb«- 
goeyioss or kUI totstor ceils .thai ©vefexpress HER-2/wsw, 
The goals of this p£soss ia/ib Srio! were to determine the 
sTsesx85TssjiS!-{©ferssted dose |MTD) a»d/or the optimal bio- 
logic dose 'JOBO) of M&X-210. 

PuHmh and Methods: Paftaafs with advanced breast 
<jr »ysf!sars canter tSof ©verexpressed were 
eligible for ft-ecstawnt. Cohorts of three patients received 
a single intravenous fl¥j infusion olMDX-2 1 0 at increas- 
ing dose leveSs from 0,35 to 10.0 sssg/m 2 . 

g afo/ffs j Treatment wsss well tolerated, with snost pa- 
tionte experiencing «ransse«? grade 1 to 2 levers, mo5- 
osse, and bypoSensiojs only. Two patients experseraced 
troftsse^f grade 3 hypafsnsson ot 10.0 mg/ro 2 . Transient 

m *ANY MONOCLONAL antibodies (mAbs) have 
XT* been developed to human tumors,'- 2 but despite 
their specificity for ■'binding to tumors, mAbs have had 
little direct .therapeutic effect This Sack of efficacy results, 
m part, from the inability of many murine mAbs to acti- 
vate immune effector path* ays such as complement fixa- 
tion and aatibody^ependent ccU-mediated ototoxicity 
(ADCC) in humans. Many murine mAbs are unable to 
activate these effector pathways because they are the 
wrong Isotypes, Although humanized mAbs that activate 
immune effector pathways are being developed, the clini- 
cal effectiveness! of these mAbs may be impaired by high 
concentrations of nonspecific uixniunogJobulins (Sgs), 
which will compete with the snAbs for binding to the 
high-affinity type I Fc receptors (FcyRI) on immune- 
effector ceils. Moreover, large amounts of immunologi- 
cally active mAbs may, after complexing with antigen, 
be directed to Fc receptors on ceils (eg, platelets) that are 
not cytotoxic for tumor cells. 

Bispecirk mAbs (BsAbs) are one approach to incrstss- 
iag the immunologic effectiveness of therapy with mAbs, 
BsAbs are hybrid antibodies constructed from two parent 
mAbs: one specific for the rumor target ceil and the other 
specific for the immune-effector cells. , " BsAb-mediated 
cross-linking of tumor target cells to immune effector 
ceils via specific cytotoxic nigger molecules on the ef- 
fector cell, such as FcyRI, results is efficient destruction 



mojwcyfoperdc and lymphopenia developed at 1 to 2 
hoars,, feof rso other hematologic chossges were observed. 
Bases of MBX-210 3.5 mg/sn s saSsrotsd a S0% ©f 
monocyte FcySS end produced peak plasma cortcentra- 
ttOBS sr ! fitf/ml, whidh ss greater tbors the concentration 
for opfsmaS monoeyte'/macrophoge attivaHon m vsfro. 
SlevaSed piossrso levels of fhe monocyte products tssmor 
stezmsh foctor ralptbs flNfoS, interieukisi-6 01-63, gronu- 
locyte solofjy-stimuiotiRg factor {€hCSfh ««d neopterin 
were observed wSth mcKsmol ievels of doses a 7.0 mg/ 
m*. locoiiscstson of M0X-2 1 0 m tum»r tissue was demos- 
strafed ifs two pof:®jtS's. Otse partial and one mixed tumor 
response wsrs observed smorsg 1 D assessaafe patfes^Ss. 

Ca«s#VsfOf?; M0X-210 is immvnologicaiiy acSive at 
wol^tolorated doses. The MTO and OSD is 7 to 10 
sng/sn B , 

J dm Ottcof I $'.2281-2292, © 1995 by American So- 
c/ery CUmkesi Qmefagy. 

of the tumor target. BsAbs can direct the cytotoxic activ- 
ity of monocytes, 3 - 4 mpnocyte-derived macrophages, T 
cells/" 7 natural-killer (NK> cells,*'* and neuttophjls" to 
kill and/or ingest tumor target cells in vitro and in vivo. 

BsAb MDX-210- is constructed from mAb 22. which 
recognizes FcyRi, u,ls and from mAb 520C9, which rec- 
ognizes the cell-surface protein product of the oncogene 
HER-2ttteu (c-er*B2). K FeyRI is expressed mainly by 
monocytes and macrophages, but also by neutrophils after 
activation by interferon gamma (IFNy) or granulocyte 
colony-stimulating factor (C-CSF}. 10 ' U! * mAb 22 is a 
murine mAb that reacts with FcyRI at a site distinct from 
its binding site for human lgG.' L!J Thus, binding of mAb 
22 to Fcy'RI is not inhibited by human IgQ. Aifcoagh 
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mAb 22 binds to an epitope distinct from the receptor's 
Mgand-bindsrsg site, this mAb still mediates FeyRI-depet*- 
dent functions, including ADCC, phagocytosis, superox- 
ide generation, and enzyme release, 

HER-2/neu is a human proto-ortcogene hosiiolegous to 
the rat neu oncogene and related in sequence to the epider- 
mal growth factor receptor. MM.-2/neu. encodes a 
185,000-MW proteia with tyrosine kinase activity. Has 
proto-oncogsne has transforming activity when it is over- 
expressed or has certain mutations in the transjTiembrane 
domain. Gene amplification and protein overexpression 
have been demonstrated in,& variety of adenocarcinomas, 
including approximately 30% of patients with aewjy diag- 
nosed breast or ovarian carcinomas. Overexpresskm may 
correlate with development of metastases and a poor 
prognosis. 

We completed a phase la/lb trial of a single intravenous 
infusion of MDX-21Q for treatment of patients with ad- 
vanced breast or ovarian carcinomas that overexpress 
HBR?2fneii The objectives of the study were to define 
the tolerabihty and safety of single, doses of MDX-210, 
to Sod a maximum-tolerated dose (MTD), and to find an 
optimal, immunologically active dose. We provide evi- 
dence In this report that MDX-210 was well tolerated and 
elective for stimulating immune-effector ceils in vivo. 

PATIENTS AND METHODS 

Patients 

Padents with stage I V breast cancer or stage 10 or iV ovarian 
cancer were eligibSe for treatment if their tumors were shown to 
overexpreiis HER-2/mw. Expression of MER-lWu was determined 
on paraffin-embedded sisssies using standard immunoftistochemical 
methods.' 8 Tumors were considered to overexpress if 
more than 50% of tumor ceils, stained with moderate to strong inten- 
sity. Both 520C9, the ami- -HER-2/««« mAb component of MDX- 
210- and a commercially available and -WR-linm mAb" were used 
for jmjri.«aobis5ochemis.try. To be eligible, patients with breast cancer 
most have failed to respond so at least two standard cfietiKSherapy 
regimens or one hormonal and one chemotherapy regimen. Patens 
with ovarian cancer must have failed to respond to at least one 
platinum-based chemotherapy regimes. Adequate beraatotogic 
fWBCcouat > 3,000/a.L, absolute neutrophil coast fANCl > 1,500/ 
liL, platelet count > 150,0GQteL), hepatic: (bilrrabvn level < 1.5 
mg/dL, ALT and alkaline phosphatase level less tarn two times 
normal upper limits}, and renal (creatinine concentration < t .5 mg/ 
dL) function were -required. An Eastern Cooperative Oncology 
Group f BCOG] performance status of 0 » 2 and anticipated survival 
time more than 3 months were required. Patients with Jitftsmroatory 
diseases such as lupus, active infections. Or addictive or psychiatric 
disorders that would preclude giving informed consent were ex- 
cluded'. This protocol was approved by the PartnMJtssh-HitcheocSc 
Medical Center institutional Review Board. Afi patients gsve writ- 
tess, informed consent before being treated. 



Preparation of MDX-210 

MDX-210 was prepared using the method reported by Glennie a 
al.^ The preparatlaa and charaeierixation of the biologic activities 
nf MDX-210 are described elsewhere (Graziano K, Piste i, Vaione 
FB, et at, manuscript at preparation}- Briefly, the F(ab')j fragments 
of mttrjre.ffiAbs.22 t;anu-FcyR'i} and 520C9 {anti-Her--2/neH) were 
reduced to Fab' by incubation with 10 mmoL'l, of HMsvaptoethanoia- 
mirte. The Fab'-xulfhydryl fragments were conjugated using o-pheo- 
yfesedirnaleirnide, acetylated with iodoacetaraide, arid purified by 
Chronjalograjjhy on Superdex 200 (Pharmacia, Picsataway, NJ). The 
binding activity of the individual components of the bispeeifte ana- 
body was checked by fluorescence -activated cell-sorter fjPACS) anal- 
ysis- using the iier-2/ne»-e>tpressir>g cell line SKBR3. a PCyRI- 
espressing human monocytes, arid U937 cell line 0 as target cells, 
la addition, the bispecific nature of the molecule was verified by a 
cell-based fe&pecvfU.- enzyme-linked immunosorbent assay (ELISA). 
This assay detects intact bispecifie antibodies that simultaneously 
bind to HER-2/««*-expressing SKBX3 cells, and a soluble FeyRl 
fused ro the heavy chain of human IgM. 

Administration of MDX-210 

Secure venous access vrn established in each patient and intrave- 
nous (IV) fluids, typically normal saline, ware adtranistttted through- 
out the- treatment and postueaimew observation time. Patients Were 
pretested with acetanunopben 650 mg oxaiiy, diphenhydramine 25. 
to 50 mg orally or IV. and ioraaspara 0.5 to 1. 0 rn g orally or IV 
before admirastratiort of MDX-210; A test dose of anrihotfy 
so 0.3 mg) was administered IV. Padeats who tolerated the test dose 
without any allergic reactions were given the remairang dose of 
antibody 30 rasnates later, MDX-210 was administered TV at a rete 
of <5 ftig/h.. with a maximum infusion duration of 2 hours. Patients' 
vital sigsss were monitored every 15 minutes mr:2i5 hoars after the 
test dose, hourly for 6 hours, and then every 4; hours for 16 hoars. 
AH patients were Siospitalized overnight for observation vs identify 
any delayed side effects. S ; ollow-«p evaluation occarred : on days 2, 
3. 4. 8, 15, 29, 57, and 85. 

Monitoring of Clinical and Immunologic Outcomes 

Toxicity of treatment was scored according to Cancer and Leuke- 
mia Group B (CALGB) modified National institutes of Health (NIK) 
common clinical trials criteria. Blood was drawn at frequent intervals 
for monitoring of toxicity and imnmnoiogic efficacy . The times for 
specific tests differ and are described later. 

Dose Escalation of MDX-210 

The doses of MDX-210 were 0.3S, ! .0. 3.5, 7.0, and 10 0 rog/Si 3 . 
The dose wjss escalated for cohorts of three patients until the MTD 
of MDX-2S0 or the optimal biologic dose {OBD) was identifies. 
The MTD was denned as the dose that caused a; grade 3 toxicity 
in less than 50% of patients. The OBD w as defined as the dose that 
yielded maximal saturation of monocyte FcvRl, induced optimal 
release of cytokines (tumor necrosis factor alpha f]"NFaJ, inter ieu- 
iin-i lJt-61, O-CSP, SL-to, 5L-lfJ, and neopterin) into plasma, in- 
creased expression of human leukocyte antigen (HLA)-DK. and opti- 
mally altered subsets of T cells (CD3, OX, and CDS). B cells 
(CD20), and MK cells (CD! 6). 
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Cytokine Measurements 

The cytokines TNFa, IL-1«, IL-1&. and JL-6, and IFNy and G- 
CSP were quantified by ELISA (R&D Systems, Minneapolis, MN}. 
'Nsopteriti was quantified by radioimmunoassay (DRG fnteomtiorsal 
Inc. Mountainside, NJ), 'PSastsa HER-2fo«* was qtiaiilified by EIA, 

Human AnUmatsse Antibodies 

Humaa antimouse antibodies (KAMA) response to MDX-210 in- 
fusion was determined in the plasma samples .of treated paiieats by 
a speeshc ELBA method. Alkaline phosphatase --ewjagaied goat 
aaiihatnafi antibody was used to detect HAMA that was bouad io 
MDX-2iG-eoated mkrotiter wells. Plasma samples were collected 
before infusion of MDX-210 (baseline) and 8 aad 15 days aad i. 
2, 3, asd 4 months postmfosion; samples were stored frozen (- WC) 
«mtil ased for assays. Use HAMA levels were expresses as fold 
ymxvm over she optica] deasity of the preinfosiort (baseline) sample. 

Each plasma sample that gave a raore Start twofold increase io 
opticai density over the baseiiise was also Jested jjj a neutralization 
assay to determine antigenic specificity of the HAMA. The plasma 
samples were separately spiked with IOCS ^g/rrsL of either MDX- 
210, 52GC9 Ftats'h, 22 P{ab% or a mixture of 520C9 F(ab'} 3 and 
22 F(ab' )j, and incubated for 30 minutes at room tetisperarum. The 
treated samples were then assayed for HAMA as described earlier - 

Analysis of Plasma MDX-210 Concentrations 

1^o> milliliter -supples of venous blood were collected before 
infusfoa, 8» the end of the iti fusion, and at points op to 48 hours 
after jpfusioo of MD&210. Plasma was separated and stored at 
■-7Q°C tor deiefaiirs&'OH of plssma MDX-210 conceatrations. 
MDX-210 plasma concentrittions were determined by two indepen- 
dent assays, Tlte primary assay used for pharmacokinetic purposes 
was a specific ELISA for murine Ig with a limit of detection of 
0.0! rigAiiL. to selected cases, a flow-cytoraetric assay was used to 
Quantify plaSraa MDX-210 based on binding to its two target ritole* 
caies, FcyRl and » 

Phtsnnacdkitsadc analyses were performed on the data for plasma 
MDX-210 cOiicertttation over time using the PC Noniin version 4.2 
pharmacokinetic program (SCI Software. Lexington, KY t. initial IV 
bolus test doses of MDX-210 (which represented between 2. i% and 
11,5% of the total dose) were given to each subject 30 oiinutes 
before the infusion. For pharmacokinetic purposes, ftiese were con- 
sidered part of the total dose given over the infusion period. The 
pharmacoMostic analysis perforated was that for a constant-rate IV 
infeston wife s ftoncomparmieritai model (PC NdiUin model 202). 
For any individual patient, the elimination constant (j?) was esti- 
mated by linear regression of a minirriuirj of the terminal four plasma 
eortcenSration-tifne data points. Clearance (CL) was calculated in the 
standard fashion (dose divided by the area under trie concentration 
time curve from time 0 io tnftnity fAUCa*.,}) and the volume of 
distribution (Vd tei> ) was Sfeeu calculated (Vtf*^ = CUg), Maximum 
concentration (C^) and maximum time Cr«») were the observea 
values. 

Flow Cytometry 

Ten .milliliters of hepariaked blood was collected at baseiine, 
completion of the in&siors of MDX-210. and at other poims op to 
48 hours after infusion for analysis of changes in selected leukocyte 
markers and cell-bound MDX-210. Buffy-coa. cells wene isolated 



and Sow cytometry was performed as described,*' FcyRX expression 
on monocytes and ncatrophsis was determined at ail time point.* 
HLA-DR fcXESresision m moeocytes and expression of markers on T 
cells (CD3, CB4> astd CDS), 8 cells (CD20), and NK cells (CD16) 
were detemtsfied at baseline arid at 24 hours. 

To deterfaiise the total number of FcyRI expressed by circulating 
cells, an aliquot of ceils at each time point was incubated with a 
saturating dose of mAb 22 or MDX-210 (20 (ig/rriL), Celi-bOttftd 
murine igG witfiout or with, this preincubation was determined by 
sncubatiojs of isolated cells with labeled goat amirriotise IgG. 

Statistical Analysis 

Pretreatraeat baseline values and postifeatment values were com- 
pared by paired t. tests without adjustment for multiple sampling, P 
values less than ,01 were considered statistically sigo&caht 

RESULTS 

Patients 

Fifteen patients ware treated with MDX-210. The me- 
dial} age was 47 years (tange, 39 to 69). Nine patients 
had breast cancer and six had ovarian cancer. They were 
heavily pretreated, haying received a median of four 
(range, one to seven} different chemotherapy or hormonal 
therapy regimens before receiving MDX-215X Mi of tise 
padents' tumors over«xpressed HE&-2/«£« ss determined 
by inMiinnohistc^henTsistry, with 60% to 100% of ceSs 
staining with moderate intercity, 

t&xicity of Treatment With &fDX-21Q 

Nonhenuuologic toxicity. Treatment was generally 
well tolerated (Table J). Most patie»te developed low- 
grade fevers. The mean ± SE bascHas temperature was 
36.5 i .1*C and the mean maximal temperature was 37 7 
± ,2*C (P < .0001). five patients had maximal tempera- 
tyres of 38.0 to 39.0 4 C. The fevers typically developed 3 
to 6 hours after the antibody infusion was started and 
resolveti within 8 hoars at doses ts 3,5 mg/ro 2 aad within 
12 hours at higher doses. Acelamirtophan was effective 
for fever control. Most patients also developed mild sys- 
tolic hypotension without reflex tachycardia. However, 
two patients as the 10-mg/rn 2 dose developed grade 3 
hypotension, which resolved fully within I to 4 hours 
after institution of fluid supplementation. Hypotension 
occurred within 2 to S hours for patients at the lowest 
doses of MDX-210, whereas the most severe hypotension 
occurred at 10 to 18 hours for patients at the 10-mg/m 2 
level. Daring the lime of hypotension, patients experi- 
enced malaise, which they considered less severe than 
the malaise e&osed by chemotherapy. Nine patients expe- 
rienced nausea, but only one vomited. Five patients had 
onefold to twofold increases in hepatic transaminase lev- 
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Tofe^ 1, &c?ymym fctonhtWKrtptegk Toxraty 1 in "Pttfiwtfs Tr«<*i$d With MDX~2$0 
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els, which were maximal on day 2 to 3 sad resolved 
spontaneously by day 4 to ?. Two patients who had sig- 
nificant pleural effusions and mild dyspnea before aeat- 
m&nx developed iticreased dyspnea within 8 hours after 
receiving MDX-210. There was no clinical evidence for 
bronchospasrn and chest x-rays showed increased pleural 
effusions without increased pulmonary infiltrates. Dys- 
pnea resolved spontaneously by hour % in erne patient 
arid resolved after thoracentesis in the other patient. A 
therapeutic thoracentesis had been recommended to the 
latter patient before antibody therapy. 

Hematologic toxicity. The number of peripheral- 
blood monocytes decreased substantially within 1 to 2 
hoars after the antibody infusion was started (P < .0001) 
and then gradually returned to baseline by hoar 24 (Table 
2). However,; these changes are considered evidence for 
trumimOlOgtcat efficacy arid not a sign of hematologic 
toxicity* Peripheral-blood monocytes are the principal 
blood ceils targeted by MDX-210. The median number 
of granulocytes decreased slightly I to 2 hours alter the 
infusion was started and then rebounded slightly a few 
hours later, but the differences were not statistically sig- 



Tofala 2. Hsmafologk Changs* After Treatment Wih MBX-21CI 

Hour* After AdisWsfroiiw 
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uifieam. A slight decrease in lymphocytes occurred {P < 
.01). There were no consistent changes in erythrocytes. or 
platelets. 

here were no consistent changes in monocyte expres- 
sion of HLA-DR or expression of markers pit T cells 
(CD3, CD4, and CDS), B cells {CD20), and NK cells 
(CD16). 

Pharmacokinetics of M OX-2W 

Cellular pharmacokinetics. As MDX-2 W binds to 
FcyRI on monocytes, we analyzed the pharmacokinetics 
of both inonocyte-associated and free plasma antibody. 
At doses as 3,5 mg/m J , all monocytes bound -MD.X~2.10 
at the end of the infusion (Fig 1 A). Greater Shan 80% of. 
monocytes continued to bear MDX-210 48 hours after 
infusion of the highest doses. MDX-210 saturated avail- 
able monocyte FeyKl in a dose-related manner, with max- 
imal saturation of 80% to 90% being achieved al doses 
a 3.5 ragftn? (Fig IB). At the highest doses, 20% to 
40% of monocyte receptors for PeyRI were occupied by 
MDX-210 48 hours after antibody infusion. 

Plasma pharmacokinetics. Plasma MDX-210 con- 
ceritratton-over-time profiles were generated for all pa- 
tients, except the first three, la patients no. 1 to 3, the 
measured plasma MDX-210 concentrations apart from 
the first data point at the end of the infusion were below 
the level of detection of the assay. Figure 2 shows the 
plasma MDX-210 concentration-overtime data for each 
individual patient (in their respective dosing groups) as 
semiiogarithmic plots. Visual inspection of the dam for 
patients no. 4 to 15 showed a single exponential decay 
of the plasma MDX-210 concentrations, except possibly 
in patients no. 5 and 6, in whom the number of data 
points mates any interpretation difficult;. 

In patients no. I and 2, the mean C, s » was 0.027 pgf 
inL (range, 0.025 to 0,029) and the median T„ ;M was 0.34 
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hoars {range, 0.34 10 034), la patient ho. 3, the MDX- 
210 plasma concentrations were below the level of detec- 
tion of the assay; In the group (patients no. 4 to 6) that 
received 1.0 mgfm* of MDX-210, apart from patient no. 
4, there were insufficient measurable MDX-210 coneeri- 
tratioH-iitriC data points above, the level of detection of fee 
assay to define the standard phamiacoksrietic pgrarnesers 
accurately. The mean for this group was 0.21 y$ 
jxsL {range, 0.07 to 0.34), with a median T m » of 0.74 hours 
(range, 0.63 to 0.97). Use duration of infusion varied 
depending oa the dose level, bat the was at the end 



of or af-er the end of the infusion in all patients studied. 
The estimated pharmacokinetic: parameters for patients 
no, 4 and 7 through 15 are listed is Table 3, We found 
considerable iaterindivKhati variation in the estimated 
pharmacokinetic parameters .within any dose group. Be- 
cause of die small number of patients at each dose level 
(n - 3), we did not perform statistical analyses for differ- 
ences is the estimated pharmacokinetic parameters be- 
tween dose groups. 

The 0)ean C™, MDX-210 plasma concentration for the 
ihree patients treated with 3-5 rug/or (patients no. 7 to 
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9} was 0,99 /ig/RiL (range, 0.86 to LIS) as deienrntsed 
by the EIJSA murine XgG assay. The taean C,^ MDX- 
2 10 plasma concentration determined by binding to target 
antigens was 0.84 yg/mt (range, 0.78 tq 088), which 
indicates that in. these patients circulating MDX-2I0 re- 
t&ined its capacity to bind so target antigens. 



Immunologic Effects of Treatment With MDX-ZIQ 

Plasma cytokine concentrations. Plasma conccnsa- 
Sions of TNFir, 0., -/?. BL-Ja, IL-6. neopterin, G-CSF, 
and JFN7 were determined at baseline and 1, 2, 3. 4, 6. 
10, 24, and 48 hours after adsmmstration of MDX-210. 
Treatsnent with MDX-2I0 increased plasma coHceatra- 
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lions of these factors in a complex maimer. Increased 
plasma concentrations of TNFa were observed by hours 
1 to 3 vBl some patients (Tabic 4). However, only eight 
patients had increased .plasma TNF« levels, and there was 
no apparent dose response in terms of maximal concentra- 
tions of TNflRof- or the frequency with which elevations 
were observed. Increased plasma concentrations of IL-6 
{Fig 3} and G-CSF (Fig 4) were observed by hoars 3 to 
6, ...There appeared to be a threshold effect for stimulation 
of IL-6 and G-GSF in which low doses of MDX-210 did 
not stimulate release of these cytokines, hot once an active 
dose was reached, there Was no dose-response effect 
among the active doses. Increased plasma concentrations 
of neopterin were; observed in some patients 24 hours 
after administration of MDX-210. .Plasma rieopteria In- 



creased in three of three patients at the 3.5-m$hn x dose 
(mean, 67% Increase) and two of fee patients at the 
7.0-mg/m 1 dose (mean, 20% increase). In contrast, only 
one patient at the 10.0-mg/m? level had an increased 
plasma neopterin level ( 1 15% increisse). Snereased plasma 
concentrations of VL-la and IL \0 were hot observed for 
any patient at any time. 

Localization of MDX-210 in tumors. Two patients 
•treated at the 10-mg/rn J dose level underwent biopsies of 
skin metastases 24 to 48 hours after treatment, in one 
.patient, a mosonutiear-eeli infiltrate and associated tu- 
mor -ceii necrosis were observed (Fig 5A). hnmunohisto- 
chemical staining showed in vivo binding of MDX-210 
to tsmior cells in both cases (Fig 5B), Two patients, in- 
cluding one of the patients' who underwent a biopsy, ds- 
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Ime Alter Starting MDXZtO Infusion (Hours) 



f ig 4, Plasma concentrations 
of G-CSf . Ptosmo was obtained 
at >Uu indicated times and the 
concentration of C-CSf deter- 
mined by SliSA, incrsossd 
plosrnB csticsnircsiioRS wars ob- 
setyesS for patients no. .9 to IS. 
&a?ss are the mean of duplicate 
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vsloped tumor Sates wan pass at sites of tumor metastases 
within 4 hours after treatment with MDX-2'10. The paia 
resolved by 48 hows after treattrjejit, 

.Development of Antibodies to MDX-210 

HAM A to MDX-210 were measured in plasma samples 
collected before aod after treateerst. HAMA were de- 



tected m six patients, Dey«&?pneni of HAMA appeared to 
be dose-relased, as the somber of patients who developed 
HAMA at fise 0.35-, ! 3.5-. 7.0-, and 20.0-mg/m* dose 
levels were zero, one, one, two, and two, respectively. 
The plastna coiieeiitrarJoa of HAMA was generally low. 
For those patients wfjo deveioped HAMA, the median 
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fig 6. CHarscterisstton of 
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qy$ji*if&d. Ssmnt from a 4wbj*Kf 
■without- KAMA wtss inciusiesS Qs 
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SAMPLS * BLOCKS?? 



increase. in. HAMA was 3.5-fold above baseline (range, 
twofold to fivefold}. Data for a representative patient are 
shown in Fig 6. 

To determine what components of MDX-210 (the inds- 
vidua! xtiAbS or the chemical linker) induced KAMA, 
neutralizing experiments were performed for all patients 
who had HAMA. Ff>b' } a fragments of mAb 22 folly 
neutralized KAMA, whereas F{ab* ) 2 fragments of mAb. 
520C9 only partially aeatraiized .HAMA (Fig 6). This 
suggests -that in many patients, HAMA is directed par- 
tially to epitopes shared by both raAbs, with the re- 
maining HAMA directed to rnAb 22, No specific response 
to the chemical linger was apparent. 

Response to Treauhmi 

Although evaluation of response to treatment was not 
as objective of this phase I trial, 10 patients were assess- 
able for response. One. patient with stage IV breast cancer 
had a more than 50% decrease In her subcutaneous metas- 
tases and axillary adenopathy. She had a tamor Sare that 
began 4 hours after treatment with MDX-210 and lasted 
for 24 to 48 hours, during which her numerous less than 5- 
mm subcutaneous nodules and left axillary nodes became 
erythematous and lender. The adenopathy and all but one 
of the subcutaneous nodules resolved completely 3 weeks 
after treatment. However, she had persistent pulmonary 
infiltrates, consistent with lymphangkic tumor spread. 
One patient with stage IV ovarian cancer had a more 
•than 50% decrease in cervical adenopathy. However, she 
developed increased symptoms of bowel obstruction, 
which suggested that her bulky abdominal masses, which 



were not measurable, had progressed. The remaining 
eight patients had no evidence of response to treatment. 

DISCUSSION 

The goals of this phase la/lb trial were to determine the 
MTD and/or OBD of MDX-210 when given as a single fV 
infusion. The main side effects of treatment* fever, hypoten- 
sion, and malaise are typical of those observed after adnmuV 
tration of munanoinqdulatory cytoidnes such as 
TNFo-, 25 and As MDX-210 is designed to stimulate 
monocyte/macrophage cytotoxicity toward HER-2/««?u™ ex- 
pressing ceils, the development of side effects from recruit- 
ment of monocytes and raonocyte-derived cytokines may 
be an unavoidable and perhaps desirable result of treatment 
Vascular ieakiness induced by cytokines could, for example, 
improve localization of antibodies and immune-effector 
cells in tumor tissues. Tins effects induced by MDX-210 are 
not typical of those reported for most mAbs, including those 
that are immunologically active.* 7 " 2 * Clinical side effects 
similar to those induced by MDX-210 have been reported 
after treatment with bispecific antibodies that target im- 
mune-effector cells different from those targeted by MDX- 
2 jq por example, bispecific antibody 2B 1 , which targets 
PcyRJH (CD! 6} on NK cells, macrophages, and neutrophils, 
causes fevers and hypotension at dose? similar to those used 
for MDX-210. 50 Dose-limiting toxicity develops at mach 
lower doses of bispeeiSe antibodies mat target T cells/"" 
Although elevated plasma concentrations of TNBa are de- 
tected frequently, oar experience and that of other groups 1 * 
suggest that increased TNBa eonceotrahons do not necessar- 
ily induce toxicity. For MDX-210, the most severe noxihe- 
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matologic toxicity was related temporally to the maximal 
plasma eosieerstrsdons of IL-6, rather than TNFa. 

MDX-210 ss active inmiursoiogicaiiy, as evidetseed by 
elevated plasma concs&ixa&nis of TNFcr, IL-6, rjeopterin, 
and G-CSF, molecules that are syndiesi?.ed by monocytes 
and rrmcfophages. 34- -" Activation of these cells likely ac- 
counts for appearance of these cytokines. mAbs mat activate 
Rxsjiocytes and macrophages in vitro do not usually stimu- 
late cytokine seiease in vivo, 2 * -38 Tills nay result from the 
diminished capacity of mAbs to activate monocytes and 
macrophages through FeyR! 535 she presence of excess non- 
specific Igs. In contrast, excess nonspecific ig does not im- 
pair isnratnie-effector cell activation by MDX-210. 12 

The MDX-210 plasma concentration-over-time data in 
the majority of patients suggested a morioexponentiai 
plasma decay when MDX-210 was gives as a slow (6- 
mg/h) IV jafusion. In contrast, pharmacokinetic analysts 
of mAbs given as more rapid infusions to humans sug- 
gested there was. a biexpoaentiaJ decay compatible with 
a two-compartment model. * The longer infusion times 
in most of our patients (no. 7 to 15} and the sampling 
times chosen did not enable us to define a two-compart- 
ment process. We therefore analyzed our data using a 
noncompartmental model. In this study, the mean MDX- 
210 '.'terminal ebminasjon half'-Sife ranged from 3.95 to 
7,66' 'hours, with considerable mterindmduai variation 
within each dosing group. The MDX-210 AUC,^ and 
total-body clearance also showed considerable tntedndi- 
vidttal. variation within each dosing group. We therefore 
suggest that these preliminary data are interpreted cau- 
tiously, Whole murine mAbs have plasma elimination 
half-lives of 6 to 48 hours in humans. 1 '** The plasma 
half-life of MDX-210 is substantially shorter. However, 
MDX-210 is structurally similar to F{ab') a fragments of 
IgG, which have shorter plasma half-lives than that of 
whole antibodies. 4 '' 1 

MDX-210 has complex p&annacokinerics and pharma- 



cocfynamics because it has two distinct target ceils: 
Fe-yRI-expressiag immune-effector cells and HER- 2/ 
mu- expressing tumor cells. Doses of MDX-210 ss 3.5 
mg/m* fully saturate FcyRI receptors on circulating 
monocytes- 'Diss observation provides confirmation irr 
vivo that binding of MDX-2 10 to FcyRI is not blocked 
by excess nonspecific Ig. A single 3.5-mg/m 2 dose of 
MDX-210 achieved plasma concentrations more than 0.3 
jug/mL for at least 24 hours after treatment. Die optimal 
eoacentxation of MDX-2 10 for directing monocyte cyto- 
toxicity in vitro is 0.1 Mg/mL. Thus, we were able to 
achieve biologically active plasma concentrations of 
MDX-210 tor sustained periods. We did not examine 
systematically the localization of MDX-210 in tumors. 
However, the observations that two patients developed 
pain at sites of tumor masses and that MDX-210 could 
be found in both of two tumor specimens obtained 24 to 
48 hours after treatment indicate that the antibody local- 
izes in tumor tissue. 

The optimal dose of MDX-210 given as a single IV 
infusion is 7.0 to 10 mg/m 2 . As two of three patients had 
transient grade 3 hypotension at the 10-mg/m 2 dose, the 
MTD is': 7.0 mg/m 2 according to the stringent criteria 
used in this: trial. However, the degree of hypotension 
experienced at the 10-mg/m 2 dose was tolerable and mod- 
est compared with that observed after treatment with cyto- 
kines.* 4 ' 26 Although cytokine release was compareble at 
the 7- and lO-mg/m 5 dose levels, it is possible that local- 
ization of MDX-2 SO in tumors is greater at the higher 
dose. Thus, 10 mg/m 2 may be the OBD. 

Irs conclusion, B'sAb MDX-210 is a novel antibody 
construct designed to direct the cytotoxic effects of mono- 
cytes and macrophages via Fc y RI to destroy tumor cells 
that overexpress the HER-2/n*« protein. This phase W 
lb trial of MDX-210 suggests that this agent is well toler- 
ated at doses that appear to be immunologically and clini- 
cally active. 
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